Background/Aims: This study aimed to investigate the expression and prognostic value of kinesin family member 2A (KIF2A) and the suppression effects of microRNA-206 (miR-206) on KIF2A in ovarian cancer. Methods: Ovarian cancer tissues from patients and ovarian cancer cell lines (A2780 and SKOV3) were used in this study. miR-206 mimics and control were transiently transfected into cells. RT-qPCR was performed to detect KIF2A mRNA and miR-206 expression levels, Western blot was performed to detect KIF2A protein levels, DualLuciferase Reporter Assay was used to examine the inhibition effects of miR-206 on KIF2A mRNA, immunohistochemical staining was used to examine the expression of KIF2A in tissue sections. CCK-8, transwell and Annexin-V-FITC/Propidium Iodide staining with flow cytometry were used to detect the cell proliferation, migration/invasion, and apoptosis respectively. Results: Our study explored the expression profiles of KIF2A and miR-206 in the patients with ovarian cancer. We found that overexpression of KIF2A was associated with a poor prognosis in ovarian cancer. We also found that KIF2A mRNA contains two target sites for miR-206 binding and confirmed that miR-206 directly suppresses KIF2A; inhibits ovarian cancer cell proliferation, migration, and invasion; and induces apoptosis. Conclusion: The results suggest KIF2A could serve a valuable prognostic indicator in ovarian cancer and provide a rationale for treatment of ovarian cancer by targeting KIF2A via miR-206.
Introduction
Ovarian cancer ranks fifth in cancer deaths among women, accounting for more deaths than any other cancer of the female reproductive system [1] [2] [3] . Studies have shown that cytoskeletal changes play an important role in the multi-factorial process of tumor cell metastasis [4] and that microtubule reduction and depolymerization are related to a tumor's metastatic potential [5] .
In recent years, members of the kinesin-13 family have been identified, including kinesin family member 2A (KIF2A), KIF2B and mitotic centromere-associated kinesin (MCAK), which are all M-type nonmotile microtubule depolymerases [6] [7] [8] . It has been shown that these family members play an important role in regulating microtubule dynamics during mitotic progression [7, 9] , especially intracellular transport, cell division and bipolar spindle assembly during spindle formation [7, 10, 11] . KIF2A, acting as a microtubule minus-end depolymerizing motor, was shown to be essential in assembling normal bipolar spindles [9] . Furthermore, it was demonstrated that KIF2A overexpression was associated with tumorigenesis and cancer progression and indicative of poor prognosis. For example, abnormal KIF2A expression was associated with metastasis and poor prognosis of breast cancer [12] , glioma [13] and gastric cancer [14] . In our pervious study, we also found that KIF2A was also associated with ovarian cancer [15] . However, the mechanism of KIF2A and its prognostic role in ovarian cancer has not yet been explored.
MicroRNAs (miRNAs) are a class of small RNA molecules that regulate gene expression in a variety of ways, including translational repression, mRNA cleavage and deadenylation. Prior studies have shown that miR-206 is under expressed in many human cancers. In fact, some tumor genes can be inhibited in cancer cells by miR-206, such as SOX9 in nonsmall cell lung cancer (NSCLC) [16] , MKL1/IL11 or Tbx3 in breast cancer [17, 18] , CDK9 in hepatocarcinoma [19] , EGFR and c-MET in head and neck squamous cell carcinoma [20] , and ANXA2 in Osteosarcoma [21] .
In this study, we demonstrated the expression of KIF2A in ovarian cancer tissues and investigated the miR-206 and its impact on KIF2A and ovarian cancer tumorigenesis and metastasis.
Materials and Methods

Clinical specimens and immunohistochemical staining
The study was approved by the Ethics Committee of Affiliated Hospital of Nantong University. A total of 108 cases of human ovarian cancer tissue samples were obtained from patients diagnosed with ovarian carcinoma that underwent initial surgery at Department of Obstetrics and Gynecology in Affiliated Hospital of Nantong University from 2005 to 2010. All tissues were fixed in formalin and embedded in paraffin. None of the patients received any therapy against carcinoma prior to surgery. Patient clinical information was recorded in detail and the diagnoses were confirmed by at least 2 pathologists. Of the 108 ovarian cancer cases, 84 were serous carcinoma, 6 were mucinous carcinoma, 13 were endometrioid carcinoma and 5 were clear cell carcinoma. There were 60 cases in stage I/II and 48 cases in stage III/IV. In regards to histological grading, 78 cases were in high grade, and 30 cases were in low grade. 30 cases of fresh human ovarian cancer tissues and matched normal ovary tissues were collected for detection of KIF2A mRNA and protein via RT-qPCR and Western blot, respectively.
All paraffin-embedded tissues were cut into 4-μm thickness sections. The Envision Plus/Horseradish Peroxidase system (DAKO, USA) was employed for immunohistochemical staining. The slides were incubated with rabbit anti-human KIF2A antibody (1:200 dilution) (Abcam, USA) overnight at 4 °C, the negative control was the primary antibody replaced by PBS. After washing with phosphate-buffered saline (PBS), the slides were incubated using the Envision Plus secondary antibody for 30 min, followed by diaminobenzidine for 5 min. Blinded pathologists independently evaluated and scored the immunohistochemistry results. Analysis was performed according to staining intensity and the relative abundance of positive cells. Staining intensity was graded as 0 (negative), 1 (weakly positive), 2 (moderately positive) and 3 (strongly positive). of positive cells was graded as 0 (≤5%), 1 (6-25%), 2 (26-50%), 3 (51-75%) and 4 (>75%). The scoring results were evaluated according to intensity and percentage score. KIF2A expression was defined as follows: "-" (negative, score of 0), "+" (weakly positive, score of 1-4), "++" (positive, score of 5-8), "+++" (strongly positive, score of 9-12).
Cell culture and transfection
The human ovarian cancer cells, A2780, SKOV3 and human embryonic kidney 293 (HEK293) cells were cultured in Dulbecco's modified Eagle's medium (DMEM) and supplemented with 10% fetal bovine serum (FBS) (Thermo Fisher Scientific, USA) at 37°C in a cell culture incubator with 5% CO 2 .
A human miR-206 mimic was used to simulate upregulation of endogenous miR-206. A scrambled sequence of miR-206 was used as a negative control (NC-miR). Lipofectamine® 3000 transfection reagent (Thermo Fisher Scientific, USA) was used for transfection of miRNA mimics or controls into cells according to the manufacturer's instructions. miR-206 mimics and negative controls were obtained from Biomics Biotechnologies Co., Ltd. (China).
Dual-luciferase reporter (DLR) assay
The DNA sequence complementary to the 3'UTR region of human KIF2A mRNA was obtained and constructed into the pGL3-vector (Promega, USA) as a miRNA reporting vector (WT-KIF2A-3'UTR) in order to evaluate miR-206 activity in cells. Mutant vectors were constructed using the KIF2A 3'UTR sequence with site mutations at either of the 2 miR-206-binding sites (Mut1-KIF2A-3'UTR and Mut2-KIF2A-3'UTR). Similarly, the negative control was constructed using the KIF2A 3'UTR sequence with site mutations at both of the two miR-206-binding sites (Mut3-KIF2A-3'UTR).
Briefly, HEK293 cells were cultured and plated on a 24-well plate and growth for 24 hrs, then WT-KIF2A-3'UTR or Mut-KIF2A-3'UTR was co-transfected with miR-206 mimics or NC-miR using Lipofectamine ® 3000 transfection reagent (Thermo Fisher Scientific, USA). Meanwhile, pRL-TK (Promega, USA) was co-transfected in each treatment as an internal control. 48 hrs after transfection, HEK293 cells were collected and lysed. The luciferase activities of both firefly and Renilla in cell lysate were detected using the dual-luciferase reporter assay system (Promega, USA) according to the manufacturer's instructions.
Real-time quantitative PCR (RT-qPCR)
After treatment, total RNA of cells was extracted using TRIzol ® reagent (Thermo Fisher Scientific, USA), and small RNA enriched with miRNAs was purified and enriched using the mirPremier ® microRNA isolation kit (Sigma-Aldrich, USA) according to the manufacturers' instructions. Measurement of miR-206 expression in tissues or cells was performed by a stem-loop RT-qPCR method [22] . β-actin and U6 small RNA were used as an internal control for the detection of mRNA and miRNA, respectively. RT-qPCR reactions were carried out using the SYBR Green I One-Step RT-qPCR kit (Thermo Fisher Scientific, USA) according to the manufacturer's instructions. Relative mRNA and miRNA levels were analyzed by the 2 -ΔΔCt method [23] . The primer sequences were as follows:
KIF2A forward: 5'-CCTGACCTTGTTCCTGATGAAG-3'; KIF2A reverse: 5'-TGCTGAACCAACCACTCTATTATC-3'; β-actin forward: 5'-CCACACCTTCTACAATGAG-3'; β-actin reverse: 5'-ATAGCACAGCCTGGATAG-3'.
Western blot analysis
After treatment for 48 hrs as described above, in a 6-well plate, the cells were collected and lysed in cell RIPA lysis and extraction buffer (Thermo Fisher Scientific, USA) on ice. Total proteins were collected with centrifugation, separated by SDS-PAGE and transferred onto a PVDF membrane (Merckmillipore, USA). Then, the membrane was incubated with primary antibody, a rabbit anti-human KIF2A antibody (1:1, 000 dilution) (Abcam, USA) or a mouse anti-human β-actin antibody (1:5, 000 dilution) (Abcam, USA) as internal control. After washing with TBST 3 times, the membrane was incubated with secondary antibody, a horseradish peroxidase (HRP)-conjugated IgG (1:5, 000 dilution) (Abcam, USA) for 1.5 hrs at room temperature. After washing with TBST 3 times, the specific proteins were detected with Pierce ECL substrate (Thermo Fisher Scientific, USA). Cell proliferation assay Cell proliferation was detected using the Cell Counting Kit-8 (CCK-8) (Sigma-Aldrich, USA). Briefly, before treatment, 1.5×10 4 cells/well were plated onto a 96-well plate and grown to ~75% confluence for 24 hrs. With treatment at 0, 24, 48 or 72 hrs, cells were washed 3 times with PBS (pH7.4) and incubated in 100 µl/well of PBS and 10 µl of the FCCK working solution at 37 °C and 5% CO 2 for 30 min. Finally, the fluorescence intensity of each well at 535 nm was measured using a fluorescence microplate reader (BioTek, USA).
Transwell assay
Cell migration and invasion were detected by a transwell assay. 2×10 5 cells/well were seeded onto a 24-well plate, grown for 24 hrs, treated for 48 hrs and then suspended in DMEM at the density of 1×10 6 cells/ml. Transwell chambers (Corning, USA) were incubated with DMEM for 1 hr before treatments. The upper and lower chambers were separated by an 8-μm pore polycarbonate membrane. For cell invasion, an 8-μm pore polycarbonate membrane should be coated with 50 μl of 0.5 mg/ml matrigel (BD Biosciences, USA). 100 μl cell suspension was added into each upper chamber with 600 μl DMEM containing 10% FBS or conditioned medium, which were the cell supernatant with different treatments for 48 hrs as described above. 24 hrs after treatments, the cells on the top surface of the membrane were carefully removed using cotton swabs, and cells on the bottom surface were fixed in 10% formaldehyde for 30 s and stained with 0.5% crystal violet solution. After being washed with PBS, the cells on the top surface of the membrane were carefully removed again. Cells on the bottom surface of the membrane were counted in 3-5 random fields manually under microscope (Olympus, Japan).
Cell apoptosis assay
Annexin-V-FITC/Propidium Iodide (Sigma-Aldrich, USA) flow cytometry was utilized to evaluate cell apoptosis. Cells were plated on a 6-well plate, grown for 24 hrs and then treated as described above for 48 hrs. 1×10 5 cells/well were harvested, washed 3 times with PBS, re-suspended in Annexin-binding buffer and then incubated with Annexin V-FITC conjugate and Propidium Iodide for 15 min at room temperature. Finally, the stained cells were analyzed by FCM (BD Biosciences, USA).
Statistical analysis
All experiments were performed independently 3 times. The data are shown as mean values±standard deviation (SD). Statistical analyses were performed using SPSS19.0 software. Significance between multiple groups was evaluated by one-way analysis of variance (ANOVA) followed by a Dunnett post hoc test. Comparisons between two groups were performed by Student's t-test. Spearman's correlation analysis was used to analyze the correlation between KIF2A and miR-206 expression. All P-values are based on a twotailed statistical analysis. P<0.05 was considered to indicate statistical significance.
Results
High KIF2A expression in patients with ovarian cancer KIF2A mRNA expression was higher in ovarian cancer tissues than in normal tissues, as measured by RT-qPCR in tissues sourced from 30 cases of ovarian cancer and matched adjacent normal tissues (P<0.01) (Fig. 1A) . Similarly, KIF2A protein expression was higher in cancer tissues than in normal tissues, as measured by Western blot in ovarian cancer and paired adjacent normal tissues (Fig. 1B) .
Correlation of KIF2A expression and clinicopathological factors in ovarian cancer
Immunohistochemical staining was performed to analyze KIF2A expression in ovarian cancer. The results showed that the moderate or strong staining of KIF2A in ovarian cancer tissues was 77.78% (84/108), while normal or weak staining was 22.22% (24/108) ( Fig.  2 and Table 1 ). Thus, the expression of KIF2A was higher in cancer tissues than in normal tissues. The KIF2A expression was associated with clinicopathological factors in patients with ovarian cancer ( (Fig.  3 ). Spearman's correlation analysis showed that miR-206 correlated negatively with KIF2A expression (r= -0.704, P<0.01) (Fig. 4) .
miR-206 targeted the 3'UTR of KIF2A mRNA
As predicted by TargetScan online software (http://www.targetscan.org), KIF2A had 2 miR-206 binding sites, at positions 514 and 658 (Fig. 5A) . The dual-luciferase reporter (DLR) vectors of WT-KIF2A-3'UTR and Mut-KIF2A-3'UTR were constructed in order to verify the inhibitory effect of miR-206 (Fig. 5B) . When HEK293 cells were co-transfected with miR-206 mimics and WT-KIF2A-3'UTR, an obvious decrease in luciferase activity was observed compared to cells co-transfected with NC-miR and WT-KIF2A-3'UTR, Mut1-KIF2A-3'UTR, Mut2-KIF2A-3'UTR or Mut3-KIF2A-3'UTR (P<0.05, Fig. 5C ). Luciferase activities were also decreased in cells that were co-transfected with miR-206 mimics and Mut1-KIF2A-3'UTR or Mut2-KIF2A-3'UTR. However, the inhibitory effects were not significant as compared to cells co-transfected with miR-206 and WT-KIF2A-3'UTR. (Fig. 6) .
Effect of miR-206-mediatedKIF2A
inhibition on ovarian cancer cell growth A Cell Counting Kit-8 (CCK8) assay was utilized in order to investigate the inhibitory effects of miR-206 on ovarian cancer cell growth. miR-206 clearly inhibited the growth of A2780 and SKOV3 cells at 48 and 72 hrs versus cells treated with NC-miR (P<0.05) (Fig. 7) .
Effect of miR-206-mediated KIF2A inhibition on ovarian cancer cell invasion and migration
A matrigel™ invasion assay and a transwell assay were utilized to evaluate the effect of miR-206-mediated KIF2A inhibition on ovarian cancer cell invasion and migration, respectively. miR-206 treatment significantly decreased A2780 and SKOV3 cell migration and invasion versus cells treated with NC-miR (P<0.05) (Fig. 8) . was associated with overall survival time [26] . In our study, we demonstrated that KIF2A expression was increased in human ovarian cancer patients and in tumor tissues. We also found that high KIF2A expression and low KIF2A expression groups presented significant differences in surgical stage, organ metastasis and five-year survival. Increased expression of miR-206 increased cancer cell apoptosis and inhibited proliferation, migration and invasion. Prior to this study, the relationship between miR-206 and KIF2A had not been reported. Utilizing TargetScan online software, KIF2A was predicted to have two miR-206 binding sites in the 3'UTR of the KIF2A mRNA. We also demonstrated that miR-206 was under expressed in ovarian cancer tissues and that miR-206 expression correlated negatively with KIF2A expression (r= -0.704, P<0.01). miR-206 inhibition of KIF2A was further confirmed by a dual-luciferase reporter assay. We utilized a miR-206 mimic to simulate an increase in miR-206 expression in an ovarian cancer cell lines, which was clearly effective in decreasing KIF2A protein levels.
The previous studies have been reported that the proliferation and migration of cancers cells were promoted and apoptosis were inhibited by high expression of KIF2A which predicted poor prognosis in several cancers, such as in breast cancer [12] , glioma [13] , squamous cell carcinoma of the oral tongue [27] and head and neck squamous cell carcinoma [28] . Additionally, recent studies have also shown that miR-206, a tumor suppressor miRNA that targets several oncogenes, was under expressed in many tumors [16] [17] [18] [19] [20] , miR-206 inhibited cell proliferation, invasion and/or apoptosis by targeting SOX9 in lung cancer [16] , Tbx3 in breast cancer [18] , CDK9 in hepatocellular carcinoma [19] , HDAC6in head and neck squamous cell carcinoma [20] , ANXA2 in osteosarcoma [21] , Bcl-2 in colorectal cancer [29] , CXCL11 in prostate cancer [30] , HDAC6 in squamous cell carcinoma [27] , and cell metastasis by targeting MKL1/IL11 in breast cancer [17] , FMNL2 in colorectal cancer [31] , CXCL11 in prostate cancer [30] . And serum miR-206 might serve as a diagnostic biomarker in cancers, such as gastric cancer [32] , renal cell carcinoma [33] , also as a novel prognostic and therapeutics in cervical cancer [34] . In the study, we showed that inhibition of KIF2A by miR-206 decreased ovarian cancer cells A2780 and SKOV3 proliferation, migration and invasion and increased apoptosis.
Conclusion
We confirmed that miR-206 could inhibit the biological behavior of ovarian cancer by inhibition of KIF2A mRNA with two target sites. Taken together, our findings demonstrate KIF2A as a potential prognostic indicator in ovarian cancer and a rationale for treatment of ovarian cancer by targeting KIF2A via miR-206.
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